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I. INTRODUCTION 
This repor t  covers t he  resul ts  of a study program conducted t o  
invest igate  t h e  high vacuum approach f o r  t h i n  f i lm capacitors with high 
specif ic  capacitances in order t o  permit reductions in the  s i ze  of micro- 
c i r cu i t s .  The study was performed in  accordance with the  requirements 
of NASA Manned Spacecraft Center, General Research Procurement Branch, 
under Contract N o .  NAS 9-5592. In general, mater ia ls  of t he  AB03 type 
and having d i e l e c t r i c  constant Ilk" were investigated.  
The study program was separated i n t o  three  phases as follows: 
Phase 1. 
Phase 2. 
Phase 3. 
This phase consisted of a literature survey of mater ia ls  
f o r  investigation. 
material propert ies  in both t h e i r  bulk and t h i n  f i l m  
form. The results of the  survey, including a bibl io-  
graphy, were previously reported in an interim report  
dated March 25, 1966. 
mater ia ls  recommended f o r  technical  exploration i n  
Phase 2. 
The survey included research of 
The inter im report  included f i v e  
This phase was the  ac tua l  study portion of the  contract  
and was s ta r ted  upon rece ip t  of N A S A ' s  approval of t he  
materials recommended f o r  fur ther  study. 
gation was  l imited t o  t h e  following materia3.s: 
1) Sodium niobate 
2) 
3)  
Material inves t i -  
Solid solution of barium zirconate 
Solid solution of lead zirconate 
Numberous deposit ional approaches, such as laser, e lectron 
bombardment, f l a s h  evaporation, and dual  evaporation, 
were explored. The physics, crystallography, and chem- 
istry of t h e  resultant t h i n  f i lms were established by 
u t i l i z a t i o n  of op t ica l  and electron microscopy, X-ray  
d i f f rac t ion ,  and spectrographic analysis. The e l e c t r i c a l  
charac te r i s t ics  of the  t h i n  f i lms when u t i l i z e d  as capa- 
c i t o r  d i e l ec t r i c s  were established with regard t o  tempera- 
ture coeff ic ient  of capacitance, spec i f ic  capacitance, 
d i e l e c t r i c  constant, frequency response, voltage break- 
down charac te r i s t ics  and s t ab i l i t y .  
This phase i s  t o  consis t  of fabr icat ion and delivery of 
working capacitors t o  the  NASA Manned Spacecraft Center 
in Houston along with appropriate drawings and process 
procedures u t i l i z e d  in the  fabricat ion of t he  capacitors.  
This phase i s  t o  cover a two-month time spectrum and w i l l  
be begun upon approval of Phase 2 by NASA. 
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Mr. L. A .  Darling, Manager of t h e  TRW Systems Microelectronics 
Department, served as programmanager; and Mr. R. P. Radke was in charge 
of t he  invest igat ion i n  the  capacity of project  engineer. M r .  Radke was  
Survey and 
Consultation 
c 
ass i s ted  by t h i n  f i lm development engineers of the Microelectronics 
Department, as wel l  as spec ia l i s t s  i n  e lectron microscope and X-ray 
d i f f r ac t ion  evaluation of th in  f i lms ,  as shown in Figure 1. 
Film Propert ies  Fabrication 
Evaporation Evaluation and Data 
1 High Thin Film 
Capacitor Program 
L. A .  Darling 
Program Manager 
F. M. La Fleur 
Review Committee 
E. M. Cole 
F. M. La Fleur 
A. J. Learn 
D. E. h o d  
Figure 1. Program Organization 
Sources used as references throughout t h i s  study are included in the  
bibliography a t  t h e  end of t h i s  report .  
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11. BACKGROUND 
NASA requested in Wxhibit A" of t h e  contract  t h a t  a specified l ist  of 
twenty compounds be surveyed during the  Phase 1 ef fo r t .  
an addi t ional  nine mater ia ls  were surveyed. 
appears in Table I, along with references t o  t h e i r  room temperature c r y s t a l  
s t ruc ture ,  e l e c t r i c a l  propert ies ,  Curie point ,  and d i e l e c t r i c  constant. 
A l l  of these plus  
A l is t  of these mater ia ls  
The previously submitted inter im repor t  included a discussion of ferro- 
e l e c t r i c i t y  and a n t i f e r r o e l e c t r i c i t y  and the  bulk propert ies  of numerous 
compounds and the  thin f i lm  propert ies  of the  same compounds. 
were grouped and discussed according t o  type ( i .e . ,  t i t a n a t e s ,  zirconates,  
hafnates,  stannates,  niobates,  t a n t a l a t e s ,  and other mater ia ls) .  
The mater ia ls  
The mater ia ls  recommended i n  the  inter im report  f o r  fu r the r  study in 
Phase 2 were: 
BaTiO 3 
PbTi03 
(Ba-Pb ) Zr03 
NaNb03 
m03 
In a communication received fromMarion C. Owens, Contracting Officer 
f o r  NASA Houston (reference EG731-39, C. D. Stamps), dated April  12, 1966, 
and received by TRW Sgstems on Apri l  19,  1966, NASA authorized TRW, Inc. 
t o  proceed with Phase 2, l imited t o  fu ture  invest igat ion of the following 
mater ia ls  only: 
Sodium niobate 
Solid solut ion of barium zirconate 
Solid solut ion of lead zirconate 
The remaining mater ia ls  recommended by TRW Systems f o r  fu r the r  invest i -  
gation were t o  be explored only i n  the event t h a t  invest igat ion of the  above 
noted compounds proved f r u i t l e s s .  
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111. TEST CAPACITOR GEOMETRIES 
The t e s t  capacitor configuration u t i l i z e d  f o r  t h e  deposit ions i n  t h e  
e a r l i e r  pa r t  of t he  program allowed f o r  four capacitors per substrate ,  all 
using a common base electrode (Figure 2). 
During the  l a t t e r  stages of Phase 2 when successful capacitor deposi- 
t i ons  were being performed, an improved tes t  geometry was u t i l i z e d  (Figure 3 ) .  
This par t icu lar  configuration allowed f o r  sixteen capacitors per substrate  
and obviously produced a greater  number of u n i t s  f o r  t e s t  f o r  any given 
deposition cycle. 
of producing t lcross  ta lk"  due t o  t h e  presence of common base and counter 
electrodes when a short  in a given capacitor was o b t o e d .  
This second t e s t  pa t te rn  suffered from the  shortcoming 
A modification of t he  second tes t  pa t te rn  was devised and i s  the  one 
current ly  in use (Figure 4). This configuration s t i l l  allows f o r  s ixteen 
capacitors per substrate ,  but each now has an i so la ted  counter electrode. 
In  addition, t h e  pa t te rn  has been so designed t h a t  a subs tan t ia l  proportion 
of r e f l ec t ive  material overlaps the  d i e l e c t r i c  skep, thereby f a c i l i t a t i n g  
t h e  taking of interferrometric thickness measurement d i r ec t ly  on the  sub- 
strate. 
-5- 
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Figure 3 .  Capacitor Test Pa t t e rn  (Second) 
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Figure 4. Capacitor Test Pa t te rn  (F ina l )  
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a 
FLASH EVAPORATION 
A dual f l a s h  evaporation unit  w a s  designed and constructed in the  
beginning months of the program (Figures 5, 6, and 7). Evaporations of 
barium-lead zirconate, barium t i t a n a t e ,  and (Ba0.6,F%0.4)Zr0 were per- 
formed u t i l i z i n g  t h i s  mechanism. 
prepared via t h i s  technique (i .e. ,  f l a s h  evaporation) has shown high con- 
tamination l eve l s  from the  refractory metal source material .  
below shows a reasonably typ ica l  analysis  of sodium niobate films deposited 
3 
Spectrographic analysis of samples 
Table I1 
by f l a s h  evaporation. 
T A B U  11. ANALYSIS OF SODIUM NIOBATE 
FILMS DEPOSITED BY FLASH 
EVAPORATION 
Element 
Niobium 
Sodium 
Tungsten 
Iron 
Si l icon 
Boron 
Manganese 
Magnesium 
Chromium 
A l u m i n u m  
Copper 
S i lver  
T i t a n i u m  
Nickel 
Calcium 
Molybdenum 
Lead 
Other Elements 
51. % 
5.6 
15  
0.15 
0.28 
n i l  
n i l  
0.019 
t r ace  
0.046 
0.056 
n i l  
t r a c e  
n i l  
0.36 
nil 
n i l  
n i l  
49. % 
5.0 
18. 
0.40 
0.51 
n i l  
n i l  
0.078 
n i l  
0.19 
0.25 
n i l  
n i l  
n i l  
0.31 
t r ace  
0.12 
n i l  
0.04 
-9- 
a: 
W e 
e 
0 
I 
I 
a 
n 
3 
W 
0 
Q 
I 
I 
e 
. 
-11- 
'-I 
Y a 8 
I 
E 
t 
I 
P 
0, 
5 
? 
-12- 
Numerous attempts a t  reducing the  contamination l e v e l  of t he  re f rac tory  
source included u t i l i z a t i o n  of A 1  0 -coated molybdenum, zirconium diboride 
(ZrB )-coated molybdenum, irridium, electron beam heating of carbon, and 
electron beam heating of vi t reous carbon (a  new mater ia l  which i s  e s sen t i a l ly  
2 3  
2 
a v i t r i f i e d  carbon and which exhibi ts  extreme iner tness  and low thermal coef- 
f i c i e n t  of expansion). The oxide-coated re f rac tory  metals were incapable of 
being heated t o  suf f ic ien t ly  high temperatures t o  allow f o r  f l a s h  evapora- 
t i o n  without decomposing. The i r r idium melted a t  the  required temperatures. 
The electron beam heating of the  carbon and vi t reous carbon eroded the  source 
and caused a deposit  of source mater ia l  t o  appear on the  substrate.  
The problem of source contamination was eventually solved by devising 
a unique and p rac t i ca l  method designated as the  ItMolten Sphere Technique". 
The spec i f ics  of t h i s  technique a re  described l a t e r  in t h i s  report .  
ELECTRON BOMBARDMENT 
) Z r O  and of sodium Electron bombardment evaporation of (Baa. 6,Pb0.4 3 
niobate (NaNbO ) was performed with a Filmtech Associates multiple source 
electron gun, Model T G 1  (Figure 8). 
3 
A powder press  was u t i l i z e d  t o  fabr i -  
ca te  l /L+ ' I  p e l l e t s  of appropriate evaporants. I n  order t o  provide f o r  a high 
residual  O2 i n  the  v i c in i ty  of t he  substrate ,  a scheme was devised, con- 
s t ructed,  and put i n t o  operation which would allow f o r  adequate recombina- 
t i o n  of the  decomposed and fractionated const i tuents ,  while s t i l l  maintaining 
a suf f ic ien t ly  low pressure in  the  v i c in i ty  of t h e  hot tungsten electron 
emitter t o  preclude decomposition and oxidation of the  emitter (Figure 9). 
An example of t yp ica l  results i s  shown i n  Figure 10. 
are shown in various stages of evaporation. 
The pictured rtslugsit 
The arrows point t o  a tungsten 
wire which was inser ted through t h e  core of t h e  slug t o  provide an electron 
drain.  These electron d r a b s  prove t o  be a serious source of contamhation 
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as shown i n  Table 111. 
precluded contamination by an extraneous const i tuent ,  but the technique 
s t i l l  proved t o  be impractical, primarily as a r e s u l t  of t he  r e l a t i v e l y  
low rate of evaporation which was maintained. 
as many as six slugs yielded films only in the  order of 500-800 8. 
w a s  p a r t i a l l y  due, of course, t o  the  low mean-free path resu l t ing  from 
the  necessi ty  of maintaining a high res idua l  O2 pressure. 
Substi tution of niobium wire in place of tungsten 
Successive evaporation of 
This 
TABLE 111. SPECTROGRAPHIC ANALYSIS OF ELECTRON 
BOMBARDMENT DEPOSITED THIN FILM OF 
NaNbO UTILIZING TUNGSTEN ELECTRON 
DRAIN? 
Element 
Niobium 
Sodium 
Tungsten 
Iron 
Si l icon 
Boron 
Manganese 
Magnesium 
chromium 
Aluminum 
Copper 
S i lver  
T i t a n i u m  
Nickel 
Calcium 
Other Elements 
24. % 
29 
13 
0.42 
2.8 
0.027 
t r ace  
0 095 
0.34 
0.58 
0.35 
0.018 
0.15 
0.089 
2.0 
nil 
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a LASER A neodymiumdoped g la s s  l a s e r  capable of a peak pulse output of 
approximately U+ joules per pulse wa,s designed and constructed within 
the  TRW f a c i l i t i e s .  The laser u t i l i z e s  a water-cooled 1/211 x 4" neodymium 
g la s s  rod and i s  capable of pulse r epe t i t i on  r a t e s  of appraximately three  
t o  four  per minute. 
niobate capacitors deposited via the  "Molten Sphere" technique precluded 
a concormnitant invest igat ion of l a s e r  evaporation. 
However, encourqing r e s u l t s  obtained with sodium 
As an extension of the  technique of electron beam heating of a 
re f rac tory  source (such as carbon o r  vi t reous carbon)in order t o  reduce 
contamination, a novel and ef fec t ive  technique was  evolved which i n  
essence consisted of powder feeding sodium-containing compounds onto a 
molten and evaporating sphere of e lec t ron  beam heated niobium. 
technique (Figure 11) has been designated the I1Molten Sphere'' technique. 
The 
The sodium containing compounds investigated were selected on the  
bas i s  of t h e i r  l ikelihood of decomposing upon h i t t i n g  the  hot niobium 
sphere t o  a form of sodium o r  sodium oxide and a gas,  which would be 
pumped from the  system. 
the  feed powder. 
produced encouraging resu l t s .  
NaN02, N a C 1 ,  and Na CO were all attempted as 2 3  
The first two proved t o  be impractical ,  but the  Na2C03 
It i s  hypothesized t h a t  the  sodium carbonate, 
upon h i t t i n g  the  hot niobiqdecamposes in any one of the following ways: 
2 Na2C03 --j 2 Na202 + 2 CO 
2 Na CO + O2 4 2 Na202 + 2 C02 
2 3  
Na CO -3 Na 0 + C02 
2 3  2 
3 Na2C03 + O2 _.) Na20 + 2 Na2O2 + 3 co2 
-18- 
Carbonate Powder 
Current Leads 
Figure 11. I'Molten Sphere Techniqueff 
-19- 
Spectrographic analysis war performed on film8 deposited via thim 
technique and did indeed corroborate the  hypothesi6 t h a t  re f rac tory  
metal contamination would be eliminated. 
indicated a disproportionately high s i l i c o n  contamination. 
t o  be r e su l t i ng  from the f a i lu re  of the l iqu id  nitrogen feed mechanirm 
which caused backstreaming of cracked s i l i c o n  d i f fus ion  pump o i l  compo- 
nents i n t o  the system. 
(Table V) indicated t h a t  the source of the s i l i c o n  contamination was not 
inherent i n  the parent material. 
a IIMolten Sphere" evaporated sodium niobate f i lm (Table VI) indicated a 
a i l i c o n  contamination of only 0 , s  and a reaaonably good r a t i o  of niobium 
t o  sodium ( 5 5 : 1 2 ,  as compared with the  ideal ized stoichiometric r a t i o  of 
56.7:1.4.0) . 
The i n i t i a l  analyse8 (Table IV) 
Thir was assumed 
Spectrographic analyses of t he  raw materiala 
A subsequent spectrographic a n a l p i s  of 
Good yields  of sodium niobate capacitors were obtained with the 
"Molten Sphere" technique. 
l o w  ( i n  the v i c i n i t y  of 5-10% f o r  a majority of the capacitors).  
data  sheeta, Tables V I I ,  V I I I ,  and IX, show the i n i t i a l  reading6 of these 
capacitors. 
The d iss ipa t ion  factor8 were encouragingly 
The 
Both op t i ca l  and electron microscopy were u t i l i z e d  t o  e r t a b l i s h  
ins ights  i n t o  the crystallographic character of the evaporated t h i n  films. 
Pa r t i cu la r ly  good examples of the  orthorhombic c r y a t a l l i n i t y  a re  shown i n  
Figurer 12 and 13. 
In order t o  e s t ab l i rh  what, degree of r epea tab i l i t y  could be obtained 
with the Wolten Sphere" technique, th ree  addi t iona l  rum (T-39, 40, and 41) 
were depo6ited i n  a manner exactly analagous t o  runs T-28, 29, and 30. The 
only t e a t  difference is inherent in the  f a c t  t h a t  two quart5 and two sap- 
phire subs t ra tes  were u t i l i z e d  i n  each run ra ther  than four quartz mubrtratm. 
After the initial readings were taken, the subs t ra te r  from a l l  three 
-20- 
Figure 12. Orthorhombic C r y s t a l l i n i t y  
(500x1 
-21- 

TABLE IV. NaNbO SAMF'LES (VACUUM DEPOSITED T H I N  FILM ON CARBON) 
3 
I Element 
~ Niobium 
Si l icon 
Gold 
Iron 
Magnesium 
Lead 
A l u m h u m  
Molybdenum 
Copper 
Si lver 
Sodium 
Nickel 
calcium 
Other Element a 
No. 1 
50. % 
4.1 
0.085 
0.21 
0 073 
0.18 
0.43 
0.054 
0.27 
0.011 
13 
trace 
0.28 
n i l  
No.  2. I 
I 53. % 
3 . 7  
n i l  
0.28 
0.058 
nil 
0.19 
0 043 
0.25 
nil 
10. 
n i l  
0.15 
n i l  
-23- 
TABLE V. RAW MATEKLAI.5 ANALYSIS 
Niobium Wire 
Niobium 
T i t a n i u m  
Iron 
Aluminum 
Copper 
T i t a n i u m  
Calcium 
Chromium 
Magnesium 
Other Elements 
~ 
Remainder 
0.056% 
n i l  
II 
11 
I I  
11 
11 
II 
I1 
Sodium Carbonate Powder 
Sodium 
S i l i c o n  
Iron 
Aluminum 
Copper 
T i t a n i u m ,  
Calcium 
chromium 
Magnesium 
Other Elements 
43. % 
0.0065 
0.070 
0.0028 
0.0019 
0.0028 
0.0051 
0.0071 
0.0015 
n i l  
TABLE VI.  SPECTROGRAPHIC ANALYSIS OF 
NaNbO FILM, “MOLTEN SF”EEEtl 
rnAP02.ATED 
Element 
Niobium 
Sodium 
I ron  
Si l icon  
Manganese 
Magnesium 
Copper 
Calcium 
Other Elements 
% Present 
55. % 
12. 
0.044 
0. loo 
0.054 
0.033 
0.091 
0.31 
nil 1 
1 
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were reread a t  specif ied time in te rva ls  up t o  36 days i n  order t o  get some 
indicat ion as t o  the  s t ab i l i t y .  The data i s  presented i n  Tables X through 
XII. 
Two things t h a t  are immediately apparent are the excel lent  yield and 
Concurrent with d iss ipa t ion  fac tors  obtained i n  a l l  three of these runs. 
t h i s ,  however, is  noted a lower d i e l e c t r i c  constant than was obtained i n  
runs T-28, 29, and 30. 
stant are unknm a t  t h i s  time, but point up the f a c t  t h a t  obtaining crystal-  
l i n i t y  and stoichiometry i s  not a routine accomplishment. 
The reasons f o r  t h i s  reduction i n  d i e l e c t r i c  con- 
The aging data indicates  degradation of a reasonably s igni f icant  nature 
with respect t o  numbers of capacitors l o s t  with t h e .  
scopic observation t h a t  the  aluminum-sodium niobate-chromium system i s  sub- 
j e c t  t o  a ce r t a in  amount of i n s t a b i l i t y w i t h  regard t o  chemical in te rac t ion  
between the d i e l e c t r i c  and t h e  electrodes. 
item, but t h i s  has not been systematically determined. 
It appears with micro- 
Free sodium may be the offending 
Runs T-50, 51, 52, and 53 ( a l l  u t i l i z i n g  the  f inal  capacitor geometry, 
Figure 4) were made with the in t en t  of u t i l i z i n g  a technique which might 
provide the sodium a greater  opportunity t o  oxidize and which might pre- 
clude the  sp l a t t e r ing  of undissociated sodium carbonate onto the  t h i n  fi lm. 
Essent ia l ly ,  the  technique consisted of performing the  I1seedingl1 operations 
by feeding sodium oxide onto an electron beam heated carbon s l a b  ra ther  than 
onto the  hot, but not molten, niobium sphere. 
beneath t o  prevent the poss ib i l i t y  of carbonaceous contamination. 
e l e c t r i c  constants w e r e  obtained with t h i s  technique, as  will be noted on 
the  data  sheets (Tables XI11 through XVI); but, unfortunately, poor d i s s i -  
pation f a t o r s  were universal ly  obtained. 
The carbon was  heated from 
High di- 
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V. CAPACITOR CHARACTERIZATION 
ELECTRICAL 
The deposited capacitors were a l l  read in i t ia l ly  f o r  capacity and d ies i -  
pation f ac to r  and had the thicknesses of the d i e l e c t r i c  f i b  determined by 
u t i l i z a t i o n  of interferrometr ic  techniques. 
calculate  the d i e l e c t r i c  constants. 
This thickness war then used t o  
Temperature coef f ic ien ts  of capacitance were run on selected rampler 
Typical temperature coef f ic ien t  curvea throughout the course of Phase 2. 
obtained in the latter s tages  of Phase 2 are  as  shown i n  Figurer I.&. 
Voltage b r e a k d m  tests were a l r o  performed on selected rrampler, and 
i n  general  rhowed voltage capabi l i ty  only t o  about 3 or 4 vo l t s  (Figure  15). 
PHYSICAL 
Spectrographic analysis, op t i ca l  and electron microrcopy, and X-ray 
d i f f r ac t ion  techniques were a l l  u t i l i z e d  t o  character ize  the physical, 
chemical, and crystallographic makeup of the sodium-dobiumqgen complex, 
Uti l iz ing  X-ray d i f f rac t ion ,  employing sodium niobate Standard No. u-603 
(Table XVII) and a conversion chart  of d-spacings t o  degree8 (Table XVIII), 
the  presence of orthorhombic c r y t a l l i n e  sodium niobate in the  IIMolten Sphere1!. 
evaporated films war established. 
(Figure 16) a re  representative of numerous fi lms dircovered. The r a t i o  
between r e l a t i v e  i n t e n s i t i e s  o f  the  (004) r e f l ec t ion  and the  (200) re f lec-  
Tape t r aces  of the  d i f f r ac t ion  pa t te rn  
t i o n  i n  the d i f f r ac t ion  pattern provides a measure of the preferred orlenta- 
t i o n  within the t h i n  film. 
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TABLE XVIII. d(A) vs. 20 for NaNbO at 25OC 3 
d@) 
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VI.  CONCUSIONS 
The Wolten Sphere" deposition approach has been shown t o  be one which 
holds high po ten t i a l  f o r  Successful fabr ica t ion  of high d i e l e c t r i c  constant 
t h i n  film capacitors of sodium niobate. The technique is espec ia l ly  advan- 
tageous from the  standpoint of eliminating contamination from a r e f r ac to ry  
metal source, a problem which has pe r s i s t en t ly  plagued inves t iga tors  
attempting t o  evaporate compounds of the AB0 type. 3 
Good yield fac tors  of NaNbO capacitors deposited via t h i s  approach 3 
have been obtained, but t h e i r  long-range s t a b i l i t y  is  open t o  question. 
Dissipation f ac to r s  have been variable,  ranging from good (1-10g) t o  quer- 
t ionable (10-25%) . Dielectr ic  constants have ranged from 50-150. While 
t h i s  does not approach the f igure of 500-600 obtained with pure, s ingle-  
c rys t a l l i ne  and preferen t ia l ly  oriented bulk material ,  it 
represents a s ign i f i can t  improvement i n  the spec i f i c  capacitance obtainable 
with vacuum evaporated capacitors. 
temperature coeff ic ient  of capacitance is not conclusive, but does indicate  
t h a t  reasonable f l a tnes s  of temperature response is  obtained up t o  about 
100°C.  
ciency a t  the present time. 
obtained only infrequently. 
nevertheless 
The data  obtained t o  date regarding 
Voltage breakdown charac te r i s t ics  remain as  the most notable defi-  
Breakdowns i n  excess of 5 vo l t s  DC have been 
One primary area of concern at  the prerent time involves the se lec t ion  
of appropriate base and counter electrode material .  
aluminum, and chromium have a l l  been attempted f o r  one or  the  other o r  both 
electrodes during the Phase 2 invest igat ion,  but the necessi ty  f o r  frequent 
modification of the d i e l ec t r i c  deposition parameters precluded the  possi- 
b i l i t y  of obtaining wel l  integrated and conclusive data regarding electrode 
material .  
Nichrome, gold, titanium, 
The behavior of the bare electrode during the  portevaporative bake 
4b9- 
cycle and the  chemical in te rac t ion  between both electrodes and the  d i e l e c t r i c  
are extremely complex and important considerations, and undoubtedly have a 
s igni f icant  e f f ec t  on the  diss ipat ion fac tors  and voltage b r e a k d m  charac- 
t e r i s t i c s .  
An important deficiency during the  Phase 2 invest igat ion had been t h e  
lack of control  of the powder being fed onto the  molten sphere of niobium. 
Frequent ttdumpings't of large mounts of the pmder caused r e l a t i v e l y  violent  
eruptions. 
t h i n  f i lm on the  substrate,  causing undesirable roughness. The implications 
of t h i s  with regard t o  voltage breakdown charac te r i s t ics  i s  obvious. 
correct  t h i s  deficiency, Bendix Balzer 's  vibratory feeder un i t ,  Model No. 
C-20460, has been obtained and i s  present ly  being in s t a l l ed  i n  the  vacuum 
system. 
large extent,  i f  not en t i re ly .  
As a r e s u l t  of this, par t icu la te  matter w a s  in jec ted  i n t o  the  
To 
It is  f e l t  t h a t  this u n i t  w i l l  a l l ev i a t e  the  problem t o  a very 
-50- 
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